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PREFACE 

The Hazard Eva lua t ions  and Technical  Assis tance Branch o f  NIOSH conducts f i e l d  
i n v e s t i g a t i o n s  o f  poss ib le  h e a l t h  hazards i n  t h e  workplace. These 
i n v e s t i g a t i o n s  are conducted under t h e  a u t h o r i t y  o f  Sect i o n  20(a) ( 6 )  o f  t h e  
Occupat ional  Sa fe ty  and Hea l th  A c t  o f  1970, 29 U.S.C. 669(a) ( 6 )  which 
au tho r i zes  t h e  Secretary o f  Hea l th  and Human Services, f o l l o w i n g  a  w r i t t e n  
request  from any employer o r  au thor ized rep resen ta t i ve  o f  employees, t o  
determine whether any substance normal ly  found i n  t h e  p l a c e  o f  employment has 
p o t e n t i a l l y  t o x i c  e f f e c t s  i n  such concentrat ions as used o r  found. 

The Hazard Eva lua t ions  and Technical  Assis tance Branch a1 so prov ides,  upon 
request,  medical,  nurs ing,  and i n d u s t r i a l  hygiene techn ica l  and c o n s u l t a t i v e  
ass is tance (TA) t o  Federal,  s t a t e ,  and l o c a l  agencies; l abo r ;  'ndus t ry  and 
o the r  groups o r  i n d i v i d u a l s  t o  c o n t r o l  occupat ional hea l th  ha:;itSds and t o  
prevent  r e l a t e d  trauma and disease. 

Ment ion o f  company names o r  p roducts  does not  c o n s t i t u t e  endorsement by t h e  
Na t iona l  I n s t i t u t e  f o r  Occupational Sa fe ty  and Health. 
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I n  September 1980, t h e  Occupat iona l  S a f e t y  and Hea l th  A d m i n i s t r a t i o n  (OSHA) 
reques ted  t e c h n i c a l  ass i s tance  f r o m  t h e  N a t i o n a l  I n s t i t u t e  f o r  Occupat iona l  
Safe ty  and Hea l th  (NIOSH) t o  sample and ana lyze f o r  a i r b o r n e  N-Nitrosamines a t  
t h e  K e l l y - S p r i n g f i e l d  T i r e  Company, F reepor t ,  I l l i n o i s .  

On October 16, 1980, NIOSH performed pe rsona l  and area a i r  sampl ing f o r  
a i r b o r n e  amines, n i t rosamines ,  and ox ides  of  n i t r o g e n .  NIOSH a l s o  reviewed 
company chemica l  r e c o r d s  conce rn ing  consumpt ion o f  N-Ni t r o s o d i p h e n y l  amine ( a  
rubber  r e t a r d i n g  agent ) ,  observed work p r a c t i c e s  and work c o n d i t i o n s ,  and took 
v e n t i l a t i o n  measurements. 

S i x t e e n  a i r  samples were taken: 14 f o r  n i t rosamines ,  and 2 f o r  amine 
compounds. Three o f  t h e  samples were f o r  persona l  exposure t o  n i t rosamines ;  
t h e  remainder  were process o r  genera l  a rea samples. N-Ni t rosomorpho l  i n e  
(NMOR), N-Ni t rosod imethy lamine (NDMA), N-Ni t rosod ipheny lamine ( NDPhA) , 
N-Ni t r o s o p y r r o l  i d i n e  (NPYR) , and N-Ni t r o s o d i  i sopropy l  amine ( NDi PA) were 
d e t e c t e d  i n  samples taken f rom t h i s  p l a n t .  A l l  f i v e  n i t r o s a m i n e  compounds 
were d e t e c t e d  i n  process samples taken  a t  t h e  Banbury #1 b a t c h - o f f  area, and 
a t  t h e  t i r e  s i d e w a l l  and "hump" (under - t read )  s tock  e x t r u d e r .  

Process samples f o r  t h e  Laminator ( r e a r  f o rm t r a c t o r  t i r e  t r e a d )  and Tuber 
head ( s i d e w a l l  and hump s tock )  had t h e  h i g h e s t  n i t r o s a m i n e  c o n c e n t r a t i o n s  o f  
a l l  samples taken. I n  t h e  Laminator area, NDPhA was found a t  17.0 14g/M3, 
and a t  t h e  Tuber head NMOR was found a t  11.0 ug/M3. Personal  sample r e s u l t s  
were h i g h e s t  f o r  t h e  Feedmil 1 and Calender o p e r a t o r  (1.6 ug/M3 NMOR), lower  
f o r  t h e  Laminator o e r a t o r  (1.4 ug/M3 NMOR), and l owes t  f o r  t h e  Banbury 5 o p e r a t o r  (0.54 ug/M NMOR). 

Seven amine compounds were found d u r i n g  sampl ing a t  t h i s  t i r e  company. The 
most prominent o f  t hese  were morpho l i ne  (2394 ug/M3), t r i e t h y l a m i n e  (488 
ug/M3), and d imethy lamine (1  16 ug/M3). Lower l e v e l s  o f  t r i m e t h y l  amine, 
isopropy lamine,  N-propylamine, and d i e t h y l a m i n e  were a l s o  found. 

Oxides o f  n i t r o g e n  (NOx) were de tec ted  i n  two o f  t h r e e  areas sampled: t h e  
Laminator (0.25 p a r t s  pe r  m i l  1 i o n ) ,  and t h e  Tread and S idewa l l  area (0.5 
ppm). NO, was n o t  de tec ted  i n  t h e  Banbury area.  F o r k l i f t  t r u c k s  appeared 
t o  be t h e  NOx source.  There was no apparent  c o r r e l a t i o n  between NOx from 
f o r k l i f t  t r u c k s  and genera t i on  o f  n i t rosamines .  

Four i n t e r e s t i n g  f i n d i n g s  r e s u l t e d  f rom t h i s  study.  F i r s t ,  NOiPA i s  r e p o r t e d  
he re  f o r  t h e  f i r s t  t i m e  as ever b e i n g  de tec ted  i n  a t i r e  p l a n t .  Second, t h i s  
p l a n t  had t h e  h i g h e s t  l e v e l  o f  NOPhA y e t  found i n  any t i r e  p l a n t  su rvey  
performed by  NIOSH. Th i rd ,  seven amine compounds were found, o f  which three,  
morphol ine ,  isopropy lamine,  and d i m e t h y l  amine, may serve as p recu rso rs  f o r  
n i t r o s a m i n e  fo rma t ion .  Fourth,  NOx f rom f o r k 1  i f t  t r u c k s  does n o t  appear t o  
be t h e  p r i m a r y  n i t r o s a t i n g  agent r e s p o n s i b l e  f o r  r e a c t i n g  w i t h  d i a l k y l a m i n e s  
t o  f o r m  n i  t rosamines.  . 
Al though  t h e s e  n i t r o s a m l n e  l e v e l s  a r e  n o t  h i g h  compared t o  n i t r o s a m l n e  
c o n c e n t r a t i o n s  p r e v i o u s l y  found a t  a s i m i l a r  t i r e  p l a n t ,  t h e i r  presence may 
p r e s e n t  a h e a l t h  hazard  t o  t h e  worker.  I n  a d d i t i o n ,  NDPhA i s  used v e r y  
f r e q u e n t l y  i n  t r a c t o r  and t r u c k  t i r e  batches i n  t h i s  p l a n t .  Therefore, t h e  
p o t e n t i a l  t o  generate  h i g h  l e v e l s  o f  n i t rosamines ,  p a r t i c u l a r l y  NMOR, i s  
g rea t .  S ince a l l  t h e  n i t rosamines  found i n  t h i s  p l a n t  a r e  p o t e n t  animal 
carc inogens and p o t e n t i a l  human carc inogens,  we h i g h l y  recomnend t h a t  t h e  use 
o f  NDPhA be d i scon t inued ,  and l o c a l  exhaust  v e n t i  1 a t  i o n  improved where 
n i t r o s a m i n e s  a r e  found, e s p e c i a l l y  i n  t h e  Laminator  a rea  where t h e r e  i s  no 
l o c a l  exhaust v e n t i l a t i o n .  S p e c i f i c  recomnendat ions a r e  found i n  s e c t i o n  V I I I  
o f  t h i s  r e p o r t .  
5 
N-Ni t rosod imethy lamine,  N-Ni t rosomorpho l  ine,  N-Ni t r o s o d i  phenylamine, 
N - N i t r o s o p y r r o l  i d i n e ,  N - N i t r o s o d i i  sop ropy l  amine, Oxides o f  N i  t rogen. 
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INTRODUCTION 

I n  September 1980, an Occupational Safety and Heal th Admin is t ra t ion  
representa t ive  f rom Region 5 requested techn ica l  assistance from NIOSH t o  
sample f o r  N-nitrosamines a t  the Kel l y -Sp r ing f  i e l d  T i r e  Company i n  Freeport, 
I 1  1 i no i s .  The request  was made t o  b e n e f i t  from NIOSH exper t i se  i n  sampling 
fo r  ni trosamines i n  t i r e  p lants,  t o  compare side-by-side sample r e s u l t s  
between OSHA and NIOSH, and t o  make recommendations t o  reduce n i t rosamine 
exposures based on environmental r e s u l t s  and observat ion o f  work condi t ions.  

111. BACKGROUND INFORMATION 

The t i r e  p l a n t  i n  Freeport,  I l l i n o i s ,  i s  one o f  f i v e  K e l l y - S p r i n g f i e l d  p l a n t s  
located i n  t h i s  count ry  and i s  a subs id ia ry  o f  t h e  Goodyear T i r e  and Rubber 
Corporation. This  p l a n t  was b u i l t  about 25 years ago, and a l l  t i r e  product ion 
i s  on one f l oo r .  It employs 1,235 h o u r l y  and 265 s a l a r i e d  workers. It 
operates th ree  s h i f t s  per day, 6 days per week, and produces approximately 
21,000 passenger and 1,000 t r a c t o r  and t ruck  t i r e s  per  day. 

Workers are p o t e n t i a l  l y  exposed t o  v o l  a t i  1 i zed  n i t rosamines dur ing  t h e  
manufacture o f  t i r e s  i n  ho t  process areas where rubber i s  heated, p l a s t i c i z e d ,  
and cured. N-Ni t rosodiphenyl  amine, a rubber r e t a r d i n g  agent, i s  added t o  
t r a c t o r  and t r u c k  t i r e  batches i n  vary ing  amounts (1.2 t o  2.3 pounds per 500- 
pound batch)  t o  c o n t r o l  t h e  r a t e  o f  cure. Recently, NDPhA was found t o  cause 
bladder cancer i n  l abo ra to ry  animals .l Also, NIOSH found t h a t  t h i s  compound 
thermal l y  decomposes dur ing  t r u c k  t i r e  manufactur ing and ma t r a n s n i t r o s a t e  
w i t h  a m r p h o l  i n e  compound t o  generate N-Ni trosomorphol ine.1.3 

Research and recommendations by NIOSH a t  another Kel l y -Sp r ing f  i e l  d t i r e  p l a n t  
resu l ted  i n  improved l o c a l  exhaust v e n t i l a t i o n  and successful  use of a 
s u b s t i t u t e  chemical f o r  NDPhA. Implementation o f  recommendations reduced NMOR 
l e v e l s  i n  t h i s  p l a n t  200-fold and e l im ina ted  N - ~ i t r o s o ~ ~ r r o l i d i n e . 3  For 
readers unfami 1 i a r  w i t h  t i r e  manufacturing, a t i r e  manufactur ing f l o w  cha r t  i s  
shown i n  F igure  1, and a c ross-sec t ion  o f  t i r e  showing i t s  components i s  shown 
i n  Figure 2. 

I V .  EVALUATION DESIGN AND METHODS 

NIOSH took 16 a i r  samples i n  f i v e  d i f f e r e n t  areas: t he  Laminator area - where 
t r a c t o r  t i r e  t r e a d  i s  r o l l e d  onto the  t i r e  carcass, t he  # I  Banbury, ext ruder  
f o r  s idewal l  and under-tread stock, Feedmi 11 and Calendering , and Trac tor  T i r e  
Curing Press. A v a r i e t y  o f  chemicals added i n  these stocks were examined, and 
where the re  was p o t e n t i a l  f o r  n i t rosamine generat ion samples were obtained. 


















































